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TSOFLAVQNE DER IVATIVES. PROCESSES FOR THE PREPARATION 
THEREOF AND PHARMACEUTICAL COMPOSITI ONS CQNTAINIWG TRKM 

The present invention relates to isoflavone 
derivatives, processes for the preparation thereof and 
pharmaceutical compositions containing them. 

More precisely, the invention relates to isoflavone 
§ derivatives of general formula: 




wherein R is hydrogen or optionally substituted straight 
or branched C^-C^ alkyl; 

R-j^ is hydrogen, hydroxyl, halogen, straight or branched 
.15 Cj^-Cg alkyl, C3-Cg cycloalkyl, cycloalkylalkyl, C^^-Cg 
alkoxy, a trif luoromethyl or trif luoromethoxyl group; 
R^' is hydrogen, hydroxyl, halogen, Cj^-C^ alkyl or C-j^-C^ 
alkoxy; 

is a p- hydroxy benzoyl group wherein the hydroxyl can 
20 be substituted with alkyl, alkanoyl, N,N-dialkyl- 
aminoalkyl or with a piper idinoalkyl, pyrrolidinoalkyl, 
morpholinoalkyl , piperazinoalkyl residue, optionally 
substituted in its turn at the 4- position, when 
possible. 

25 Preferably, R3^* is hydrogen and at least one of the 

groups R^ or -OR is hydroxy. 

When not otherwise stated, "alkyl, alkoxy, alkanoyl 
or aminoalkyl" mean an alkyl residue containing 1 to 4 
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carbon atoms. 

The compounds of the invention can exist in the 
form of salts. 

The compounds containing basic groups can exist in 
5 the form of organic or inorganic acid addition salts. 

The compounds containing acid groups can exist in 
the form of addition salts with alkali or alkaline-earth 
metal or organic amines. 

When R is hydrogen and/or R^, R'^ is hydroxyl, the 
10 . compounds of the invention can exist in the form of 
esters. 

The compounds of the invention are provided with a 
specific pharmacological activity for the bone tissue 
which performs both through an inhibition of bone 

15 resorption and, in part, through a stimulation of the 
processes of bone formation and therefore can be used 
for the prophylaxis and treatment of osteoporosis. 
STATS ART 

Osteoporosis is a disease condition characterized 

20 by a reduction in bone mass leading to increased 
skeletal fragility and fractures 

Natural and synthetic compounds having a isoflavone 
structure are endowed with various pharmacological 
activities: some of them have estrogenic activity, 

25 others anti-estrogenic activity; some were described as 
antihypertensives , coronary-dilators or antihyperlipe- 
mics; others as potential bronchodilators or antiinflam- 
matories or antispasmodics; others still as anticon- 
vulsants . 

30 See for example J Med Chem 9, 979, 1966; J Med Chem 

10, 154, 1967; Acta Pharm Hung 38, 252, 1968; Acta Pharm 
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Hung 44, 1, 1976; Japanese Patent applications JP 
7232074 (C.A. 78:4125); JP 7248387 (C.A. 78:97483); JP 
7310076 (C.A. 78:124448) (Sakai); French Patent n* FR 
1320300 (Cassella); Belgian Patent n*" BE 666541 
5 (Siphar)* 

Some isoflavone compounds have antiosteoporotic 
action. 

One of them, 7-isopropoxy-isof lavone or iprifla- 
vone, has been used for a long time in the prevention 
10 and treatment of post-menopausal and senile osteoporo- 
sis. 

Ipriflavone and structural analogues have been 
described in GB patents n** 1360461, n** 1360462, n" 
1434451 and n' 1482238 (Chinoin) as well as in 
15 EP-A2-0135172, EP-A2-136569 , EP 146921 and EP 146922 
(Takeda) . 

Other isoflavones have subsequently been disclosed 
in PCT WO 95/03293 and WO 95/03040 (Chinoin). 

According to the present invention new derivatives 
20 of isoflavone, containing a 4-hydroxyben2oyl residue in 
position 2, have now been identified. 

These new compounds have a good activity in 
inhibiting bone resorption and have the advantage over 
previously described ipriflavone and analogue compounds 
25 that are also provided with a tissue-specific affinity 
for the estrogen receptors. 

By this property they have the beneficial effects 
of estrogen on bone but don't have uterotrophic 
effects. 

30 g^AMFIsB 1. Prgps^ration Ol 7>-hvdroxv- 4 ' -metho- 

xy-2-f 4-f 2"(N-Piperidinvl >ethvloxv ^b enzoyl UsQflavonft 
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hydrochloride (CHF 3290,01) 

a) Preparation of 4-methoxvPhenvlac6tic acid chloride . 
A mixture of 20 g of 4-methoxyphenylacetic acid and 
20 g of thionyl chloride is refluxed for 30 min. 

5 then evaporated at 80"C. 21.5 g of an orange fluid 

oil are obtained. 

b) Preparation of 2 .4-dihvdroxvphenvl-4'-met:hoxvben 
zylketone 

A mixture of 22 g of aluminium trichloride in 250 

10 ml of 1,2-dichloroethane is added with 22 g of 

resorcin, then cooled to 10 and added with a 
solution of 22 g of 4-methoxyphenylacetic acid 
chloride in 50 ml of 1 , 2-dichloroethane , in 30 min, 
under mechanical stirring. 

15 Stirring is continued at r.t. for 1 hour, then the 

mixture is poured into 300 g of ice, added with 200 
ml of 1 ,2-dichloroethane and 700 ml of chloroform, 
then with 500 ml of 37% HCl and, heated until 
complete dissolution of the suspended solid. The 

20 organic phase is separated, dried over sodium 

sulfate, evaporated to dryness and the residue is 
treated with 50 ml of cold toluene, filtered, 
washed with hexane and dried under vacuum at 40 'C. 
21-1 g of a white solid are obtained. 

25 c) Preparation Q£ 4- ( 2-brQmQethvlQXv ) -benzovlf nrm 

acid 

A suspension of 40 g of aluminium trichloride in 
700 ml of chloroform is added with 17 ml of 
ethyloxalyl chloride and 30 g of 2-bromophenetole 
30 dissolved in 200 ml of chloroform, under stirring. 

The mixture is stirred for 3 h at r.t., then poured 
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into 700 g of ice and added with 400 ml of 37% HCl. 
The organic phase is separated, dried over sodium 
sulfate and evaporated under vacuum. 
The oily residue (ethyl 4-(2-bromoethoxy)-ben- 
5 zoylformate) is dissolved in 300 ml of ethanol and 

treated with 75 ml of 2N NaOH for 30 min. The 
mixture is evaporated under vacuum, taken up with 
600 ml of water and 300 ml of ethyl acetate. 
The aqueous phase is separated, acidified with 10% 

10 HCl and extracted with 2x300 ml of ethyl acetate. 

The organic phases are dried over sodium sulfate 
and evaporated under vacuum to give an oil which 
solidifies upon stirring in 200 ml of petroleum 
ether. The slightly pink solid is filtered and 

15 dried under vacuum at 25*'C. 25 g of the product are 

obtained, 

d) Preparation of 2- ( 4- ( 2-bromoethvloxv ^benzoyl ) ■7-hv- 
drQxv-4.'--mQthQXv iso flavone 

15.8 g of the acid from step c) are added with 5.2 
20 ml of dichloromethyl-methyl ether. The mixture, 

protected with a calcium chloride valve, is stirred 
at r.t. for 20 min, then at 60 'C for 60 min and 
then evaporated under vacuum at r.t. for 15 min. 
The resulting 4-{2-bromoethyloxy)-ben2oylformyl 
25 chloride is dropped immediately in less than 10 

min, into a mixture of 7 g of the product from step 
b) in 35 ml of pyridine dry, stirred magnetically 
and cooled at 0*C. 

After 48 hours at r.t., the dark red solution is 
30 poured into 500 ml of water, acidified with 10% HCl 

and extracted with 2x400 ml of ethyl acetate. The 
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organic phases are washed with 300 ml of 10% HCl^ 
dried over sodium sulfate and evaporated under 
vacuum to give 15 g of dark red residue. The 
residue is taken up in 45 ml of glacial acetic 
5 acid, added with 9 ml of 37% HCl and the mixture is 

heated under stirring at 100 for 1 hour and 30 
min., then poured into 300 ml of water and 
extracted with 2x300 ml of ethyl acetate. 
The organic phases are washed with 2x300 ml of a 

10 bicarbonate saturated solution and with water to 

neutrality. The organic phase is dried over sodium 
sulfate and evaporated under vacuum to give an 
orange residue which solidifies when treated 
grinding in 300 ml of ethyl ether. The yellow ochre 

15 solid is filtered and dried under vacuum at 40 •C. 1 
g of product is obtained, 
e) Prfiparfltion of 7-hvdroxv-4 ' -methoy v-2>- ( 4- f 2- ( N-oi- 

pgriainyl ) > gthyXo^y ))?e)aaQYl ) isoflavone hydrochlo- 
ride fCHF 3290.01^ 

20 400 mg of 2-(4-(2-bromoethyloxy)ben2oyl-7-hydro- 

xy-4*-methoxy isoflavone and 400 mg of piper idine 
are heated to 80*C for 45 min. in a closed vessel. 
The mixture is taken up into 100 ml of methanol, 
and the solution is evaporated under vacuum. The 

25 residue is dissolved in ethyl acetate-rCHjClg (300 

mlT30 ml) and washed with 200 ml of a bicarbonate 
solution and with water. 

The organic phase is dried over sodium sulfate and 
evaporated under vacuum and the residue is purified 
30 by flash chromatography (CH2Cl2:MeOH = 94:6). The 

suitable fractions are evaporated under vacuum, the 
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residue is taken up with methanol, acidified v/ith 
methanolic HCl and evaporated under vacuum. 125 mg 
of the hydrochloride product as a pale yellow solid 
are obtained. 

5 EXAMPLE 2, Preparation of 4' ,7-dihvdroyv^2-f N-pi-- 

peyigjlpYl) etlhtyloyy) benzoyl \ i sof lavone hydrochloride 

(CHF 3316, Ql) 

A solution of 400 mg of the compound obtained 
according to example 1, used in the form of free base, 
10 in 50 ml of methylene chloride, is added with 4.5 ml of 
IM BBrg in methylene chloride at r.t. under stirring. 
After 3 hours the solid and the tarry residues are 
separated and dissolved in the minimum amount of 
methanol . 

15 The solution is added with 200 ml of ethyl acetate 

and 200 ml of a bicarbonate solution; the mixture is 
stirred for 2 hours, then the phases are separated, 
extracting the aqueous phase with a further 200 ml of 
ethyl acetate. 

20 The organic phases are dried over sodium sulfate 

and evaporated under vacuum and the residue is subjected 
to flash chromatography {CH2Cl2:MeOH = 95:5). The 
suitable fractions are combined and evaporated under 
vacuum to give a tarry solid which is dissolved in 50 ml 

25 of acetone and acidified with 37% HCl. Evaporation unde-r 
vacuum gives 100 mg of the hydrochloride product as a 
pale yellow solid. 

EXAMPLE 2.. Preparation of 7-hvdroxv-4 ' -metho- 

XY-2-(4~f2-(l-piperazinvllethvloxv^ben2oylHsoflavnnR 
30 dihYdrochloride (CHF 3340.01^ 

300 mg of 2-( 4-( 2-bromoethyloxy )ben- 
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zoyl)-7-hydroxy-4*-methoxy isoflavone, prepared as 
described in example l.d), and 350 mg of 
l-acetylpiperazine are heated at 80**C for 45 min. 

1.5 ml of 37% HCl are added and the mixture is 
5 refluxed for 20 min. 

After evaporation under vacuum, the crude material 
is submitted to f lash-chromathography 

(CH2Cl2:MeOH=80:20) giving 150 mg of the title compound. 
BXAMPLB 4. Preparation of 4' ,7^dihvdroxv-2-r4^(2-f l^pj- 

10 pfiygsinYl )ethYlPXY)benSQYl)i.sof ^^vo]^^fi dihydrochloride 

fCHF 3356,01) 

The product is obtained using CHF 3340.01 as 
reagent and operating as described in example 2. 

The compounds prepared are listed in Table 1. 
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Table 1 



CHF 
3290^ 




Molecular Formula 
C3UH30aNO8 — 


M.W. 
536,03 


MeMngPoBTt 




JL 








































C2SH28C1N06 


522.00 


218-222 


























'-' 






3340,01 




C29H30a2N2O8 


573y« 






.2Ha 








3356.01 




C28H28CCN206 


559.45 


























2HCI 
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Bone rQSorption in vitro 

Effect of CHF 3316.01 on bone resorption in rat long 
bone culture 

To assess the in vitro activity of the compounds of 
5 the invention on bone resorption as a marker of a 
potential antiosteoporotic effect osteoclastic bone 
resorption was assayed using fetal rat long bones 
(radius and ulna) in stationary cultures, where 
resorption induced by bovine parathyroid hormone 
10 fragment 1-34 (bPTH 1-34) was measured by assaying the 
release from bones of previously incorporated 45Ca 
(DeLean A et el Am. J. Physiol., (1978), 225, E97-E102). 

To validate the experimental conditions adopted, 
the activity of the well-known resorption inhibitor 
15 dichloromethylene bisphosphonate (disodium clodronate) 
was determined • 

Pregnant Sprague-Dawley rats were injected 
subcutanequsly with 0.2 mCi 45Ca {CaCl2/ >10 Ci/g) on- 
the 18th day of gestation (day of vaginal plug discovery 
20 equals day 0 of pregnancy). 

On the following day the animals were sacrificed/ 
the fetuses removed and the radius and ulna aseptically 
excised and dissected free of surrounding soft tissues. 

To remove freely exchangeable 45Ca, bones were 
25 pre-incubated for 24 hours in 48-well polystyrene 
culture dishes (Costar, Cambridge, MA) containing 500 pi 
of a culture medium (BGJ-B medium) in an air humidified 
incubator at 37**C in 5% C02. 

Bones were then cultured for 5 days in the culture 
30 medium containing 1 mg/ml bovine serum albumine in the 
absence or in the continuous presence of bPTH 1-34 5 
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nM, CHF 3316.01 at 3, 10 and 30 yM and disodium 
clodronate 5 jiM. The medium was changed after 2 days. 

The experiment was terminated by washing the bones 
in 500 111 distilled water and extracting the residual 
5 radioactivity with 500 pi of 10% trichloroacetic acid 
(TCA). 

bPTH 1-34 and disodium clodronate were dissolved in 
the culture medium. 

CHF 3316.01 was dissolved in dimethylsulf oxide 
10 (DMSO) and added to a DMSO concentration of 0.1%. This 
amount of DMSO was added to control and to stimulated 
cultures and did not affect resorption. 

In our experimental conditions the unstimulated 
control cultures released 6.06±1.13% (n= 7) of the 
15 total bone 45Ca by day 5. 

Exposure of fetal bones to 5 nM bPTH 1-34 produced 
a significant rise in 45Ca release on day 5, resulting 
in treated over control , (T/C ) ratio of 4.27±0.33 (n=7). 
This concentration of bPTH 1-34 was the lowest producing 
20 maximal effect and was chosen on the basis of 
preliminary dose-response experiments. 

Disodium clodronate 5 yM gave 90±5% inhibition of 
resorption (n = 3 bones). 

CHF 3315.01 significantly reduced 45Ca release 
25 induced by bPTH producing 24.81±2.14%, 37.86i3.73% and 
full inhibition at 3, 10 and 30 mM respectively. The 
apparent IC50 value was 10 mM. The test compound 
appeared about 5 fold more potent than the metabolite 2 
of ipriflavone M2 ( 4 \7-dihydroxyisof lavone ) and 2 fold 
30 than the metaboite 3 M3 ( 4 ' -hydroxy-7-[ ( 1-methyl ) 
ethoxy]isof lavone) , the most active metabolite of 
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ipriflavone, so eliciting an evident antiresorptive in 
vitro activity. 

Rstroaen receptor binding affinity 

To determine the estrogen receptor binding affinity 
5 of CHF 3316.01 calf uterus, prepared as previously 
described in McGuire W. L. et al. Eds. Estrogen 
receptors in human breast cancer. Raven Press N. Y. , 
(1975), was used as source of estrogen receptors. 

Displacement curves were generated using final 
10 concentrations of 1.5 nM 17b-[3H]estradiol as 
radioligand and i-log unit increments of CHF 3316.01, 
ranging from 0.1 to 10,000 nM. 

Incubation time was 24 hr at after which 

dextran-treated charcoal was added. The suspension was 
15 then centrifuged, and radioactivity in the supernatant 
fluid twas determined by scintillation counting. Percent 
binding was determined in duplicate at each 
concentration of displacing ligand. 

Non-specific binding was defined as that which 
20 occurred in the presence of 5.8 mM diethylstilbestrol 
and represented " 20% of the total binding. 

ICgQ value for 50 % inhibition of 17b-[3H]estradiol 
binding and Ki value were determined by non linear 
regression analysis of log concentration-displacement 
25 curves. 

CHF 3315.01 inhibited the specific binding of 17b- 
[3H]estradiol to a single population of binding sites in 
calf uterus with a Ki value of 3.9±0.3 nM. The test 
compound is a higher affinity estrogen receptor ligand 
30 than the structurally related compound M2 (metabolite 2 
of ipriflavone) (Ki = 127 nM) and the well-known 
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selective estrogen receptor modulator tamoxifene (Ki = 
6.8 nM). 

Uterotrophic and antiuterotrophic actions of CHF 3316. Ql 
The uterotrophic and antiuterotrophic actions of 
5 CHF 3316.01 were studied to determine the estrogenic and 
antiestrogenic activity of CHF 3316.01 in immature rat 
assay. 

All experiments were conducted using subcutaneous 
injection of the test compound as a solution in 20% 
10 Solutol HS 15. Each experiment was accompained. by a 
vehicle control group and a positive control group (17b- 
estradiol 2 mg/kg by subcutaneous injection). 

The test protocol was based on the immature rat 
assay protocol described by Wakeling A.E. and Valcaccia 
15 B. J Endocr (1978), 99, 445-464. 

Animals were dosed on 3 successive days with the 
appropriate material. Animals were killed by an overdose 
of CO2 24 hr after the final dose. The body of the 
uterus was cut just above its junction with the cervix 
20 and at the junction of the uterine horns with the 
ovaries. The uterus was then weighed. Generally, 6 
animals per exposure group were employed. 

The daily dose levels used for CHF 3316.01 were 10 
and 20 mg/kg. 

25 Three successive daily injections of 17b-estradial 

(2 mg/kg) significantly increased uterine weight in 
immature rats (93% increase above vehicle control 
group). The isoflavone derivative of the invention, CHF 
3316.01, inhibited the uterotrophic action of estradiol 

30 in a dose response fashion. In fact, at 10 and 20 mg/Kg 
per day, the compound suppressed 63 and 78% of 



wo 98/29403 



PCT/EP98/00001 



14 

estradiol's activity, respectively. 

At the same dose levels, CHF 3316.01 was found to 
be devoid of uterotrophic activity. 

The compounds of formula (I) can be used for the 
5 preparation of solid or liquid pharmaceutical 
compositions, in admixture with pharmaceutical ly 
acceptable excipients, according to the conventional 
techniques . 

Preferred pharmaceutical compositions are those 
10 which can be administered orally, particularly those in 
the form of tablets or capsules, optionally sustained- 
release forms. 

The daily dosage for an adult will range from 10 to 
500 mg. 
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CLAIMS 

1. Isoflavone derivatives of general formula: 



5 




10 wherein R is hydrogen or optionally substituted straight 

or branched C^-Cg alkyl; 

is hydrogen, hydroxyl, halogen, straight or branched 

C^-Cg alkyl, Cg-C^ cycloalkyl, cycloalkylalkyl, C^-Cg 

alkoxy, a trif luoromethyl or trif luoromethoxyl group; 
15 R^* is hydrogen, hydroxyl, halogen, Cj^-C^ alkyl or C^-C^ 

alkoxy; 

R2 is a p-hydroxybenzoyl group wherein the hydroxyl can 
be substituted with alkyl, alkanoyl, N,N-dialkyL- 
aminoalkyl or with a piper idinoalkyl, pyrrolidinoalkyl , 
20 morpholinoalkyl, piperazinoalkyl residue, optionally 
substituted in its turn at the 4- position, when 
possible; 

optionally in form of pharmaceutically acceptable salts 
or esters. 

25 2. A compound of formula 1 wherein R and R^* ar-e 
hydrogen, Rj^ is hydroxyl and Rj is 4-(2-(N-piperidi- 
ny 1 ) ethy loxy ) benzoyl . 

3. Pharmaceutical compositions containing as the 
active ingredient at least one compound as claimed in 

30 claims 1 and 2. 

4. The use of the compounds according to claims 1-2 
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for the preparation of a medicament useful in the 
prevention and treatment of osteoporosis. 
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